In a previous study we showed that 
Introduction
Our work on the human visual motion system, and more especially on V5, an area of the prestriate visual cortex that is specialized for visual motion, has led us to an unexpected conclusion concerning the relationship of the two parallel pathways that project to it. We found that the input to V5 through VI and the other direct input that bypasses VI are in dynamic relationship to one another since the input which takes precedence depends upon the nature of the stimulus, a relationship that we refer to as dynamic parallelism (ffytche el al., 1995) . Using the visual evoked response technique we have shown that rapidly moving stimuli activate the direct pathway that reaches V5 without passing through VI, resulting in activity in V5 as early as 35 ms, a far shorter latency than anyone had previously suspected. In contrast, slow motion elicits activity in V5 that follows activity in VI, while stimuli in which motion is not a constituent element, such as pattern offset or pattern reversal, fail to activate V5 within the first 100 ms. Our conclusion of a fast, direct input to V5 was consistent with conclusions reached in our transcranial magnetic stimulation studies (Beckers and Zeki, 1995) . These had shown that, to obtain a motion imperception, V5 had to be inactivated considerably before VI, thus © Oxford University Press 1996 demonstrating a system of parallel motion pathways with different time constants. There is, in fact, a good deal of evidence supporting our conclusions from other work not in itself explicitly addressing the same questions that we have addressed. Thus, the anatomical evidence has shown that there is an input to V5 that bypasses VI (Fries, 1981; Standage and Benevento, 1983) , while the physiological evidence has shown that the earliest signals recorded from visual cortex of the macaque monkey are found in V5, not V1 (Raiguel el al., 1989) and that the characteristic directional selectivity of area V5 is not lost following inactivation of area VI (Rodman et al, 1989; Bullier et al., 1994) .
In extending this work we thought it worthwhile to establish unambiguously that the early part of the visual evoked response to motion originates in the prestriate cortex, particularly in area V5. Other investigators have thought not. For example, Maier et al. (1987) and van Dijk et al. (1987) have argued that the prestriate cortex makes no contribution to the motion response, proposing instead a single generator in the striate cortex. Drasdo et al. (1993) , Probst et al. (1993) and Anderson et al. (1996) , while acknowledging the involvement of V5 in the motion response, propose that V5 is activated after VI at between 163 and 189 ms, significantly later than our estimate, and implying that signals to V5 are relayed exclusively through VI. To resolve these issues we needed a patient with a lesion of VI but not of V5, in other words to find the human equivalent of the lesioned monkeys referred to above. Any evoked activity in such a patient following visual stimulation could not be due to VI, which is absent, and must therefore be generated in other areas and, if our conclusion of a dynamic parallelism is correct, should only be elicited by a fast moving stimulus. Such an approach also carried with it the hope of shedding some light on another, and no less important, question, namely whether there is any relationship between evoked prestriate activity and the conscious perception of a stimulus.
Such a patient was readily available to us. Patient GY, now aged 39 years, but aged only 7 years when he sustained a head injury resulting in a large brain lesion in a car accident, had been extensively studied by Ruddock and his colleges (Barbur et al, 1980 (Barbur et al, , 1994 Blythe et al, 1987) and by us using PET (Barbur et al, 1993) . His lesion involved most of the striate cortex of the left hemisphere but did not extend to the occipital pole, leading to a right sided homonymous hemianopia with macular sparing. Our PET study established that left V5 is active when GY views a moving visual stimulus of which he is consciously aware, when that stimulus is presented in his blind, right field and that he was able to detect and discriminate fast moving stimuli better than slow moving ones (Barbur et al, 1993) . Here, then, was the perfect human 'preparation' to establish whether the early part of the motion evoked response is generated in V5 and whether the direct pathway to V5 is selective for certain kinds of visual stimuli, in particular to fast motion.
The price that we paid for having a patient with the ideal pathology was a necessary restriction in the region of his visual field that we could stimulate, namely that part of the visual field for which VI was absent-the right hemifield beyond the spared central 2.5°. Unfortunately, GY's normalsighted, left hemifield response could not be used as an internal control for activity elicited from his blind hemifield as, in normal subjects, left and right hemifield responses are very different for a variety of visual stimuli {see Halliday, 1993) . In order to establish whether stimulation of GY's blind hemifield elicited a response, we devised a method to differentiate between genuine signals related to the processing of the stimulus and non-specific background EEG 'noise' that survived the averaging process. We reasoned that genuine signals would be consistent and repeatable, while non-specific noise would vary. To test whether GY's response, if present, was normal, we compared his responses to those elicited in control subjects. We could not turn to the literature for help as in none of the published evoked potential studies were subjects stimulated with fast motion checkerboards at the appropriate eccentricity. We therefore generated our own set of control responses. But the restriction that GY placed on the portion of the visual field that we could stimulate faced us with another problem-the variability of the evoked response to hemifield stimulation from one individual to another (for review, see Halliday, 1993) . Since the purpose of the control group was to provide examples of typical responses with which to compare activity evoked from GY's blind hemifield, it seemed important to establish that the evoked activity from control subjects matched the responses from GY's normal sighted hemifield. We therefore doubled the number of experiments performed and stimulated all subjects, including GY, in both the right and the left hemifields. We were then able to select those subjects whose response to left hemifield stimulation best matched GY's normal-sighted, left hemifield response, reasoning that a normal response elicited from GY's blind hemifield should also match the waveform and distribution of the right hemifield response in the control subjects.
The experiments we conducted carried definite predictions with them, thus: if the motion evoked response is entirely dependant upon the presence and normal functioning of the striate cortex, then we would not expect to record a response from the blind hemifield of GY. Similarly, if the prestriate cortex is only activated via the striate cortex, we would not expect to record a response from GY. On the other hand, if the prestriate cortex contributes to the motion evoked response via a direct pathway, by-passing the striate cortex, then we would expect to record a response from GY. Furthermore, if our previous conclusions are correct, the response should be early, occurring within the first 100 ms after the onset of motion, essentially normal and specific to fast motion.
Methods Subjects
GY and a control group of four right-handed, male volunteers (mean age 26 years) were tested with ethical approval. All gave informed consent. Each subject was presented with four different stimuli {see below) in the left and the right hemifield.
Stimuli
The basic arrangement of the experimental conditions was similar to the one described in our earlier study (ffytche et al, 1995) . Subjects lay prone with their heads flexed, viewing a high resolution monitor (50 Hz screen refresh rate) through binoculars. The fast motion stimulus consisted of a random, irregular checkerboard (91% contrast) composed of 11' checks which, because of the clustering of the individual elements, contained a range of spatial frequencies (mean size of check clusters = 22'; mode =11'; range = ll'-l°6'). The checkerboard remained stationary for 900 ms and then, in order to give the impression of smooth horizontal leftward motion at 22° s~', was displaced by 26' to the left every 20 ms for 200 ms. Regardless of the hemifield stimulated, the checkerboard was restricted to a stationary window that extended from 5 to 20° eccentricity in the horizontal axis and 23° in the vertical axis (see Fig. 1 ). During motion, the left side of the checkerboard disappeared from view behind the left vertical border of the window, while a new right side appeared from behind the right vertical border. The mean luminance of the stimulus remained constant, over the whole stimulus cycle, at 109 cd m~2. The identical random checkerboard and stimulus eccentricity was used in the three control conditions (slow motion, pattern offset and pattern reversal). In the slow motion stimulus, the checkerboard was displaced by 6' to the left every 20 ms for 200 ms, to give the impression of leftward motion at 5° s" 1 . In the pattern offset stimulus, the stationary checkerboard was replaced by an isoluminant grey field for 200 ms, while in the pattern reversal stimulus each check in the stationary checkerboard changed from black to white or visa versa, followed by a second reversal at 200 ms. The number of stimulus cycles that contributed to each grand-average response is shown in Table 1 . 
Recording techniques
To maintain attention during each recording, responses were collected in a series of sub-averages containing 60-100 cycles. In addition, all subjects were asked to count internally the number of movements, reversals or pattern disappearances. Evoked responses were recorded using a grid of 15 Ag/AgCl electrodes, separated by 5 cm, over the occiput (see Fig. 2 ). The electrode positions were chosen to encompass the theoretical distribution of the electrical fields generated by sources in VI and V5 (see ffytche et ai, 1995) . Each electrode was referenced to Fz and impedances were maintained below 3kQ. The EEG was band-pass filtered between 0.3 s and 70 Hz and digitized in epochs of 420 ms at 1.6 KHz (60 ms pre-stimulus baseline and 360 ms response). Epochs exceeding a threshold voltage were rejected on line. This discriminated against eye-blink or electromyographic artifact.
Modifications for experiments on GY
During recordings, GY's non-stimulated hemifield was flooded with a constant low intensity illumination (7 cd rrr 2 ) to reduce the effect of scattered light. To ensure that GY maintained fixation, his electro-oculogram was recorded using two Ag/ AgCl electrodes (one placed on the nasion and one on the right lateral orbital ridge) with a band pass filter of 1-10 Hz. GY was also tested to confirm that he was able to perceive motion in his blind field; confirmation that he did so came in the form of a verbal report. To allow us to perform these simple psychophysical tests the stimulus was modified to move left, right, up or down, each movement lasting 1 s.
Analysis
Responses were filtered by applying a Hanning window to the raw data followed by a'discrete (512 point) Fast Fourier Transform. A frequency band was selected by applying a Gaussian envelope to the transformed data before inverting the series to recover the filtered response (see Chatfield, 1989) . The underlying assumption of a Fourier analysis is that any waveform, be it continuous or transient, is composed of a large number of infinitely long sinusoidal components.
Removing components necessarily distorts the original waveform. In particular, a band-pass filter confines and narrows the frequency spectrum and, in consequence, the reconstructed activity is more spread out in time than the unfiltered waveform.
Correlations
Sub-averages of GY's response were compared with each other (an intra-subject correlation) using the formula: At each electrode, r^^ was calculated by correlating the first sub-average, A(t) with the second B(t) over the 0-200 ms time window corresponding to the moving or pattern offset phase of the moving or pattern offset stimuli and the two reversals of the pattern reversal stimulus. Irrespective of the amplitude of each response, two waveforms that match perfectly in terms of the timing and direction of their deflections have a correlation coefficient of +1, while waveforms that match in their timing but have opposite deflections have a correlation coefficient of -1. The same formula was used to compare GY's grand-average response to those of each control subject (inter-subject correlations) by substituting A(t) and B(t) with the appropriate responses. For both the intra-subject and the inter-subject correlations, a mean correlation coefficient across all electrodes (f ) was calculated using the formula:
Statistical testing
Correlation coefficients (r clct .) were compared between different stimulus conditions using a one-way ANOVA for repeated measures.
Localization of electrodes with respect to individual anatomy
MRIs of the head and upper neck were collected in all five subjects. The images were acquired with markers placed over the inion in two subjects, in the remaining three, the nasion and inion were identified on the images themselves. Approximate electrode positions were then edited onto the MRI data using Analyze image display software (BRU, Mayo Foundation Rochester, Minn., USA). The edited MRI images of the four control subjects were re-aligned to superimpose Oz in each subject, and an average head generated (see Fig. 10 ).
Results

GY: perception of stimuli
GY confirmed that, for right hemifield stimulation, the checkerboard was entirely within his blind field. He was able to identify, verbally and correctly, the direction and onset of fast motion and, during the evoked response recordings, his internal count of the number of movements was 100% accurate. We conclude that GY was able to perceive, consciously, visual motion in his blind field. In contrast, he reported that the slow motion stimulus did not give an impression of movement or direction, although he was able to detect and report verbally a change in the stimulus when it started to move. He also stated that he found it difficult to detect the disappearance of the pattern in the offset stimulus or the reversal of the checks in the reversal stimulus and, in consequence, he was unable to maintain an accurate count of the number of reversals or the number of offsets in the evoked response recordings. We conclude that GY's conscious perception of the three control stimuli is, at best, impaired and, at worst, entirely absent.
Selection of controls
The left hemifield grand-average responses for fast motion (FM), slow motion (SM), pattern offset (PO) and pattern reversal (RV) from each individual were averaged to make a single response for each subject (FM + SM + PO+RV). GY's FM + SM + PO+RV response was compared with those of each of the four control subjects using a high frequency filter (15-30 Hz) to accentuate early activity, and a low frequency filter (3-12 Hz) to accentuate late activity. The early responses at each electrode is shown in Fig. 3A , each numbered box referring to an electrode position given in Fig.  2 . The responses from GY and control subjects KF and JK are displayed in black and they match almost perfectly, particularly over the midline and right hemisphere. The responses from two further control subjects, DM and JA have been superimposed in grey: their response is different to that of GY, KF and JK at many electrode locations. Figure  3B shows the late, low-frequency response of all four control subjects displayed as a mean trace (grey) with the 2.5 SD limit of the responses (grey shading). Irrespective of the stimulus condition, GY's response (black) contains a widely distributed positive wave (peaking at ~ 160 ms and marked by an arrow) that was not found in any of the control subjects. These two sets of results have been summarized in Fig. 4 where the mean correlation coefficients (f) for the early (high frequency) and the late (low frequency) activity are displayed for each subject, GY's early activity best matching that of subjects KF and JK. The early right hemifield responses from these two subjects were therefore selected as examples of the typical right hemifield response that might be expected from GY. 
GY: EEG responses
Stimulating GY's blind, right hemifield with the fast motion stimulus elicited a consistent, repeatable response over both hemispheres. In Fig. 5 , GY's grand-average response (black) and two sub-averages, each composed of 320 stimulus cycles (grey), have been superimposed. The two sub-averages were recorded several months apart and yet the response elicited is almost identical, any differences in waveform and amplitude (e.g. in electrodes 11 and 12) being attributable to non-specific background EEG noise that has survived the averaging process. The early part of the waveform consists of a positive wave starting at 60 ms and peaking at 90 ms, equivalent in its latency to the NI response elicited by full field stimulation in our previous study (ffytche et al., 1995) . The response cannot be attributed to GY glancing at the stimulus and bringing it into his preserved visual field as the electro-oculogram records confirm that GY did not move his eyes during the recordings (see Fig. 6 ). While the reproducability of the fast motion response, in itself, suggests that the activity represents a physiological signal, it could only be classified as normal if it matched the response in our control subjects. In Fig. 7A , GY's grand-average response (black) has been superimposed on a composite response made by averaging KF and JK's grand-average responses (grey-the response in box 4 has been omitted because of an electrode fault). In order to emphasize the early activity, all the responses have been filtered to remove low frequencies, broadening the activity (see Methods) and resulting in the appearance of a very early positive wave (onset 12 ms, peak 48 ms). In electrodes 1, 2 and 6, positioned over the left, lesioned hemisphere, GY's response is almost identical to that elicited in the two control subjects. The correlation (r e]cc ) between GY's grand-average response and the two control subjects at each electrode is displayed in the first column of Table 2 (fast motion) and in Fig. 8A where three rows of five bars have been arranged to correspond to the electrode positions in Fig. 2 (the first bar in the bottom row on the left hand side of the figure corresponds to electrode 1). The height of each bar represents the inter-subject correlation coefficient at the specified electrode. Confirming the impression given by Fig. 7A , correlation coefficients are highest in electrodes over the left hemisphere, namely electrodes 1,6 and 2. The correlation coefficients of electrodes 8 and 14 are larger than those of electrode 2, but Fig. 7A shows that GY's response at these electrodes is smaller than that of the control subjects (r c]c£ is independent of the amplitude of each response) whereas in electrodes 1, 6 and 2, GY's response is almost identical to that of the control subjects. We conclude that, at least over the left hemisphere, GY has the same early response to fast motion as the two control subjects despite the fact that the stimulus is presented in his blind field.
With regards to our proposal of dynamic parallelism, in which the initial input to V5 is contingent on the nature of the stimulus, the important experimental question is whether GY's normal, early response to the fast motion stimulus occurs in other stimulus conditions. We answered this in two ways, both methods arriving at the same conclusion. First, we tested the repeatability of GY's response to each stimulus condition (intra-subject correlation), arguing that a genuine signal would be consistent and repeatable whereas nonspecific noise would not. Two sub-averages from each stimulus condition were compared, each sub-average consisting of 120 stimulus cycles. The fast motion responses were significantly more consistent than any of the other three [F(3,42) = 5.09, P < 0.004]. Secondly, we compared the match between GY and each control subject (inter-subject correlation) in the all four stimulus conditions. GY matched each control subject significantly better in the fast motion condition than in any of the remaining three control conditions [JK: F(3,39) = 5.71, P < 0.01; KF: F(3,39) = 4.26, P < 0.025]. The difference between fast motion and control conditions is demonstrated by comparing the evoked activity in Fig. 7A (fast motion) and Fig. 7B [a composite response made from the three control conditions (SM + PO+RV)], or the inter-subject correlation coefficients for fast motion and control conditions in Table 2 Fig. 9 in which the mean inter-subject correlation coefficients (/") for each of the four conditions are displayed. The open circles identify GY's match to JK, the open squares GY's match to KF and the filled squares GY's match to the average control subject response (the mean of KF and JK's grand average responses). GY's match to the FM + SM + PO + RV response in the left hemifield is also included for comparison. It is evident that the response elicited by stimuli presented in GY's blind hemifield are specific to fast motion, and are not the result of non-specific effects such as the scattering of light into the sighted hemifield from the blind one.
Electrode locations on MRI
GY's response to fast motion in the right hemifield best matched the control subjects over the left hemisphere in electrodes 1, 2 and 6. The position of these two electrodes with respect to the underlying anatomy is demonstrated in Fig. 10 . Each electrode has been marked on a transverse and a coronal MRI slice of GY's brain and the average brain of all four control subjects is shown for comparison. Midsagittal slices demonstrate the extent of GY's lesion and the position of electrode Oz with respect to the occipital pole. Because we realigned the MRIs using Oz as a reference point, without correcting for head size, the anatomical detail in the anterior portions of the transverse and sagittal slice of the average brain is relatively poor compared with that in the occipital lobe. Electrode 6 lies over the ventral limit of the occipito-temporal cortex and, following the curvature of the occiput, electrodes 1 and 2 lie slightly medial to electrode 6, under the ventral surface of the occipito-temporal region, with the cerebellum interposed between electrode and cerebral cortex.
Discussion
The results may be summarized as follows, (i) GY perceives a fast moving stimulus presented in his blind hemifield. The same stimulus evokes a repeatable early response that matches that of normal subjects, (ii) GY's perception of slow motion, pattern offset or pattern reversal control stimuli is impaired. None of these stimuli evoke a cortical response.
Normal responses in GY
The response to fast motion elicited over the left hemisphere in normal control subjects was very similar to the response recorded in GY and we conclude that both responses are generated in exactly the same manner and from the same place. By comparing the location of GY's lesion with published clinical evidence (Horton and Hoyt, 1991) , anatomical evidence (Clarke, 1994) , and functional imaging evidence (Sereno et al., 1995; Shipp et al., 1995) , we can infer that GY has lost most of area V1 (the preserved occipital pole accounts for his spared central -2.5°) and the upper and lower peripheral field representations of area V2. Our PET experiments did not detect islands of striate cortex within the substance or immediate vicinity of GY : s lesion, or activity in the right striate cortex (Barbur et al, 1993) . We therefore conclude that the early response to fast motion in GY, and by inference in normal subjects, is not generated in the striate cortex nor can it be dependant on a pathway passing through it. The response must be generated in an area that receives a visual input that bypasses VI. The most likely source of the activity over the left hemisphere is the ventral part of the Fig. 10 The brain structures underlying scalp electrodes 1, 2, 6 and Oz. The black panels for electrodes I, 2 and 6 contain transverse and coronal MRI sections of GY's brain (left) and the average brain of the four control subjects (right). The sections are taken at the level indicated by the arrow. The left of each section is the left of the brain. For electrode Oz, the box contains two mid-sagittal sections (GY's is located above the average brain). GY's lesion appears as a dark area above the cerebellum, extending anteriorly to the parietooccipital sulcus and the splenium of the corpus callosum.
occipital lobe at the occipito-temporal junction, lying in close proximity to the three electrodes that recorded almost identical responses in GY and control subjects, namely electrodes 1, 2 and 6. This same cortical region was active when we investigated GY using PET (Barbur et at., 1993) and encompasses human area V5 and other, motion related areas (Zeki et al., 1991 Watson et al., 1993; de Jong et al., 1994; Dupont et al., 1994; Tootell et al., 1995) . Area V5 in the macaque monkey receives direct inputs from the lateral geniculate nucleus (Fries, 1981) and the pulvinar (Standage and Benevento, 1983) as well as inputs from the striate cortex (Zeki, 1969 (Zeki, , 1971 . The only other structure that might contribute to GY's normal left hemispheric response to fast motion is the cerebellum. In the macaque monkey, motion related prestriate areas, including area V5, project, via the pons, to the cerebellum (Glickstein et al., 1985) and directionally selective cells in the cerebellar vermis respond to fast motion stimuli with a response latency of 50-140 ms (Suzuki et al., 1981) . Since the vermis was significantly active in GY's PET experiment (Barbur et al., 1993) , we cannot exclude the possibility that part of the motion-specific activity elicited in GY, particularly the activity recorded over
the midline, is generated in this region. However, activity evoked in the midline vermis cannot account for the fact that GY's response to fast motion best matched that of the normal control subjects in the lateral electrodes (1, 2 and 6). We conclude that the lateral activity is best accounted for by a source in the left occipito-temporal cortex.
The conclusions reached in this experiment are consistent with our previous findings, namely that the prestriate cortex, particularly area V5, contributes to the first part of the visual evoked response to fast motion through a pathway that bypasses VI (ffytche et al., 1995) . They are consistent with the results of Spehlmann et al. (1977) and Celesia et al. (1980) and Shefrin et al. (1988) who have demonstrated that evoked responses can be elicited in the absence of VI in man. They are not compatible with the conclusions of Maier et al. (1987) and van Dijk et al. (1987) who have argued that the motion response is entirely striate in origin, or of Drasdo et al. (1993) , Probst et al. (1993) and Anderson et al. (1996) who have argued that activity in V5 occurs after activity in VI, peaking at between 163 and 189 ms. The discrepancy between the results recorded in GY and the conclusions of the studies cited above are attributable to differences in methodology (for review, see ffytche et al., 1995) . For example, Maier et al. (1987) and Probst et al. (1993) used slow motion stimuli of <6° s"', a similar velocity to that which failed to elicit a direct activation of V5 in GY. Furthermore, together with Anderson et al. (1996) , their conclusions are based upon a mathematical analysis of the evoked records that is open to several interpretations and need not necessarily reflect the true underlying physiology (for review, see Balish and Muratore, 1990) . Our experiments on GY also confirm our previous conclusion that the parallel organization of the visual system is only manifest for fast moving visual stimuli, a property that we have termed 'dynamic parallelism'. Our results are also consistent with the work of Rodman et al. (1989) and Bullier et al. (1994) who have demonstrated that, in the macaque monkey, the directional selectivity characteristic of area V5 is preserved after the inactivation of VI, although Bullier's conclusion that signals reaching V5 without passing through VI may not reach consciousness, is not supported by the results presented here or the results of our previous PET study (Barbur et al., 1993) .
Conscious perception and evoked potentials
GY was able to perceive, consciously, the fast motion stimulus, as evidenced by his 100% accuracy in reporting the onset and direction of motion. His perception of the three control stimuli was impaired. He was able to detect and report, verbally and correctly, a change in the stimulus coincident with the onset of slow motion, but he did not have an impression of movement or direction. In contrast, while he was able to report the disappearance of the pattern or the reversal of the checkerboard on some occasions, he was unable to do so on others and, as a result, was unable to maintain an accurate count of the number of reversals or the number of pattern offsets. We emphasize that, under the conditions of our experiment, GY was consciously aware of the fast motion stimulus. These psychophysical observations are consistent with our previous study of GY (Barbur et al., 1993) as well as the results of Barbur et al. (1994) , both of which have demonstrated that GY's discriminatory ability depends on both the temporal and spatial characteristics of the stimulus. Since the spatial characteristics of the checkerboard are the same in each of the four stimulus conditions, we argue that the differences in GY's perception of the four stimuli must be accounted for by differences in their respective temporal frequencies. Thus, at the dominant spatial frequency of the checkerboard, the low temporal frequencies of the slow motion, pattern offset and pattern reversal stimuli, were close to GY's perceptual threshold resulting in an impaired and inconsistent conscious experience. In contrast, at the same dominant spatial frequency, the high temporal frequency of the fast motion stimulus was above GY's perceptual threshold allowing GY to accurately report the onset and direction of motion. The results provide a partial answer to the question of whether conscious experience correlates with cortical activity. Our evidence suggests that it does and that in its absence there is no conscious experience of the visual stimuli we used. We do not wish to imply however, that the neurophysiological processing that underlies the evoked response is solely responsible for the emergence of GY's conscious percept of motion. This is because intra-operative recordings that we have performed with David Sandeman and Stuart Butler in Bristol have recorded normal evoked responses in anaesthetized, unconscious patients. Similarly, Bodis Wollner et al. (1977) and Celesia et al. (1980 Celesia et al. ( , 1991 have described normal evoked responses in patients with total blindness of cortical origin. It therefore seems that the neurophysiological activity recorded by the evoked response is necessary but not sufficient for conscious visual perception.
Absent or abnormal responses in GY
We have emphasized GY's normal responses to fast motion and have discussed their implications for the organization of early visual areas in man. It would be surprising, however, if GY's extensive occipital lesion had no effect on his visually evoked responses. In fact, the abnormalities in GY's responses shed some light on the contribution that the medial occipital lobe makes to the visually evoked activity in normal subjects. We will discuss each of the abnormalities in GY's responses in turn, (i) As described above, all three control stimuli failed to elicit responses when presented in GY's blind hemifield. Barrett et al. (1976) demonstrated that, in normal subjects, pattern reversal stimuli presented to one hemifield evoked activity over both hemispheres. They found, paradoxically, that the largest amplitude response was recorded over the hemisphere ipsilateral to the hemifield stimulated, but resolved the paradox by proposing that the response recorded over the ipsilateral hemisphere was, in fact, generated on the medial surface of the contralateral occipital lobe. Our results support Barrett's proposal as the pattern reversal stimulus presented in GY's blind, right hemifield failed to elicit a response, while the same stimulus presented in his good hemifield elicited responses over both hemispheres. By the same reasoning, our results add to Barrett's conclusions by suggesting that the responses to slow motion and pattern offset stimuli are generated in the same cortical region, (ii) When presented in GY's blind hemifield, the fast motion stimulus elicited a consistent, repeatable, response over both hemispheres. As described above, activity recorded over the left hemisphere matched the activity recorded in the two control subjects and was deemed normal. However, activity over the right hemisphere failed to match the control subjects and was therefore abnormal. We conclude that, a normal ipsilateral response to fast motion requires a functioning medial occipital lobe, although the exact contribution this area makes to the response remains uncertain, (iii) As defined by the 2.5 SD limits of the four control subjects, GY's left hemifield responses to all four stimuli contained a late positive wave that was abnormal (Fig. 3B ). Right hemifield presentations elicited an abnormal positive wave at the same latency, although of much smaller amplitude. It is, of course, possible that, by testing more subjects, we will eventually find a control that elicits the same pattern of late activity as that found in GY; it is more likely however, that the late response is abnormal because of GY's lesion, suggesting that the medial occipital lobe contributes to the late activity no matter which hemifield is stimulated.
Conclusion
The temporal resolution offered by the visual evoked response technique, whether electrical or magnetic, sets it apart from other imaging methods. Its advantages are however overshadowed by serious problems of interpretation due, in part, to a poor understanding of the generators of the responses and also to uncertainties introduced by the inverse problem (for review, see Balish and Muratore, 1990) . The ambiguities inherent in the technique and differences in methodology explain why five evoked potential studies, in all of which the visual evoked response to motion was investigated, have led to profoundly different neurobiological conclusions (Maier et ai, 1987; Drasdo et ai, 1993; Probst et ai, 1993; ffytche et ai, 1995; Anderson et ai, 1996) . By investigating a unique patient with a discrete occipital pathology and comparing the results with normal subjects, we believe that we have been able to provide direct evidence of a prestriate contribution to the motion evoked response and, as implied by the term dynamic parallelism, of the dependence of the response upon the nature of the stimulus.
